This research reports wind energy potential evaluation of two locations in the north east Nigeria (Bauchi and Borno). The evaluation is based on Weibull and Rayleigh models using 17 years mean monthly wind speed data covering the period (1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006). The result shows that Rayleigh is best fit model that describes the wind speed data at 10 m height. Reference mean power density (based on the measured probability distribution) was compared with those obtained from the Weibull and Rayleigh models. In calculating the percentage error, results shows that Weibull provided better power density estimation in all 12 months than the Rayleigh model. From this research work, it was found that Borno has high wind power density 273. 
Introduction
Wind energy is currently the most economic renewable energy apart from hydropower, its usage versatility and ability to use it as a decentralized energy form make its applications possible in rural areas where it is technically and economically feasible in the country. The major challenge to using wind as a source of electricity generation is that wind is intermittent and it does not always blow when electricity is needed. However, wind power is one of the most the promising and cost -effective renewable.
In the 1980's, California purchased large quantities of wind power invest on operating experience needed to bring the cost of wind power down to a power installed in California, and another 1000W installed in other parts to generate electricity for over 750,000 homes.
The number of wind farms in US has increased substantially in the wind farms installed. The US Department of Energy projects that by the power, enough to generate electricity for 1.7 million homes, due to the power will fall. Currently, wind power costs between 3 and 6 cents making it one of the cheapest resources available [1] .
Nigeria is subject to the seasonal rain -bearing southwesterlies, which blow strongly from April to October and to the dry and dusty North-East trade wind which blow strongly from November to March every year. Most areas sometimes experience some periods of doldrums in between these periods. In Nigeria, wind energy reserves at 10 m height shows that some sites have wind regime for between 1.0 to 5.1 ms -1 . Energy supply in Nigeria is a major problem for both large and small scale purposes. Highly centralized production and distribution units have not been equally distributed thus becomes inadequate in meeting the economic needs of both urban and rural populace in Nigeria. With respect to this problem, solar and wind energy are some of the alternative sources of energy that can be exploited to meet some of the populace needs. It is therefore necessary to evaluate the wind regimes in the country and assess the potential of wind, installing wind energy conversion system for the generation of electricity.
In this context, over the years researchers have carried out a number of studies in order to assess the wind energy potential in some parts of the world. Shata [1] worked on the potential of electricity generation on the coast of Red Sea in Egypt. Celik [5] studied the distributional parameters used in assessment of suitability of wind speed probability density function. Ozoptal, et al [8] studied the regional wind energy potential of Turkey.
In this presentation, 17 years (1990 -2006) monthly mean wind speed data are obtained from Nigeria Meteorological Agency (NIMET) Abuja for some selected locations in the North east Nigeria (Bauchi and Borno), were statistically analyzed to evaluate wind power density based on the Weibull and Rayleigh models. Table 2 below.
Data Collection and Wind Speed Characteristics
The summary of average scale factor c (ms -1 ), shape factor k and gamma function for the monthly distributional parameters of the locations considered are presented in Table 3 below while Table 4 presents the maximum and minimum values of wind speed (ms -1 ) for the two locations and months of their occurrences.
The frequency probability distribution for Bauchi in the month of January is presented in Table 5 ; the same pattern of table was computed for the two locations. 
Monthly Average Wind Speed and Standard Deviation
The monthly average wind speed and the standard deviation can be obtained using equation 1 and 2 below.
Wind Speed Probability Distributions
The wind speed data in time series format is usually arranged in the frequency distribution format since it is more convenient for statistical analysis. Therefore, the available time series data were translated into frequency distribution format. This process is illustrated for an example for the month of January for Bauchi as presented in Table 5 .
The wind speed is grouped into classes (bins) as given in the first column of Table 5 .The mean wind speeds are calculated for each speed class intervals are in second column. The probability density distribution is presented in the third column. The probability density obtained from Weibull and Rayleigh parameters are presented in the fourth and fifth columns.
The wind speed distributions and the functions representing them mathematically are the main tools used in the wind related literature. Their use include a wide range of applications, from the techniques used to identify the parameters of the distribution function to the use of such functions for analyzing the wind speed data and wind energy economics. Two of the commonly used functions for fitting a measured wind probability distribution in a given location over a certain period of time are the Weibull and Rayleigh. The probability density function of the Weibull distribution is given by;
The corresponding cumulative probability function of the Weibull distribution is,
The Rayleigh model is a special and simplified case of the Weibull model. It is obtained when the shape factor k of the Weibull model is assumed to be = 2. The probability density and the cumulative functions of the Rayleigh model are given by,
One of the most distinct advantages of the Rayleigh distribution is that the probability density and the cumulative distribution functions could be obtained from the mean value of the wind speed. The Rayleigh model has also widely been used to fit the measured probability density distribution.
Power Density Distribution & Mean Power Density
The power of the wind per unit area is given by;
Where is assume to be 1.225 kg/m 3 in this paper. The wind power density for the measured probability density distribution which serves as the reference mean power density as shown below;
The yearly average error in calculating power densities using both Weibull and Rayleigh functions is obtained by using equation below;
Analysis of Wind Speed Data
The surface wind characteristics and stochastic analysis of the wind speed data in the two locations of the north east part of Nigeria were carried out. It is seen from Table 2 that the highest average wind speed occurred in June (6.88 ms -1 ) in Borno while the lowest average wind speed occurred in December (1.47 ms -1 ) in Bauchi. The average scale factor c (ms -1 ) ranges from 1.66 ms -1 in Bauchi to 7.24 ms -1 in Borno, while the shape factor k ranges from 2.54 in Bauchi to 6.91 in Borno as presented in Table 3 .
Best -Fit Probability Distribution Model
The average monthly values of the correlation coefficient for the two locations in north east Nigeria ranges between 0.130 and 0.539 for the Weibull and the Rayleigh model ranges from 0.387 to 0.811 as indicated in Table 6 .
The month -to -month comparison shows that Rayleigh model returns higher coefficient values in all the twelve months for Bauchi and Borno. It can be seen from Table 7 that in Borno, Rayleigh model returns higher coefficient in all months while Bauchi also returns higher coefficient values for Rayleigh except in the month of November and December. Table 7 . Summary of best -fit probability distribution models.
Months

Results and Discussion
The mean power density shows a large month -tomonth variation as shown in Figure 1 
Conclusion
In this study, it was found that Rayleigh returns a higher power density than Weibull and the highest power density is (365.77 W/m 2 ) for Rayleigh in Borno in the month of June, it was also found that Rayleigh returns the best fit probability distribution than Weibull in almost all the months in the two locations of north east part of Nigeria considered in this research work.
Finally, in calculating error in power density the Weibull model returns smaller error in calculating the power density compared to Rayleigh model in all locations. The power density is estimated by the Weibull model with a smallest error value of 1.5% for Bauchi in the month of March. From this research work, it was found that Borno in north east part of Nigeria has high wind power density for the generation wind energy with a maximum value of power density of 365.77 W/m 2 for Weibull. Borno can be classified under wind class II since the power density is greater than 100 W/m 2 while Bauchi can be classified under wind class I since the power density is less than 100 W/m 2 .
